Bull etin of the American Astronomical
Society

Obserwatory report: LEP

INTRODUCTION

PERSONNEL
PLANETARY & COMETARY RESEARCH

ASTROCHEMISTRY

SOLAR AND STELLAR RESEARCH

SOLAR WIND AND HELIOSPHERE

MAGNETOSPHERES/LOWER ATMOSFHERE

SPACE FLIGHT PROGRAMS

FLIGHT INSTRUMENT DEVELOPMENT

PUBLICATIONS

INTRODUCTION

The Laboratory for Extraterrestrial Physics (LEP) performs experimental and theoreticd reseach
onthe physicd properties and dynamica processes of the interplanetary and interstell ar media,
and the magnetospheres and upper atmospheres of the planets, including the Earth. Research
related to the chemistry and plysics of planetary stratospheres and tropospheres, and condensed
solar system matter including meteorites, asteroids, comets and danets also forms an important
comporent of the LEP reseach. A focused program in astronamy is condicted, particularly in
theinfrared andin short aswell as very long radio wavelengths. An extensive program of
laboratory reseach, including spedroscopy and ptysicd chemistry related to astronamicd
objeds, isalso performed.

The Laboratory propases, develops, fabricates and integrates experiments on Earth-orbiting,
planetary and interplanetary spacecaft and soundng rockets to measure the dharaderistics of
magnetic fields, eledric fields and dasmas in spaceusing both dred andindired methocks.
Spedrometric instrumentation required for continuum and spedral li ne observationsin the X-ray
and gammea-ray regime, infrared and radio regions are designed and devel oped within the
Laboratory, and flown onspacecaft to study the interplanetary medium, asteroids, comets, and
planets. Studies are conducted to investigate dedric and magnetic fields and dasma-dynamic



phenomenain the nea-Earth space @vironment. These studies concern tempora and spatial
variations influencing the motion and composition d plasma and reutral gasesin the Earth's
atmosphere and magnetosphere. Subarbital and ground lased olserving platforms form an
integral part of these research adivities.

Thisreport will cover the period from July 1, 1994to August 31, 1995t0 include new launches
aswell as new significant recent work.

|. PERSONNEL

NASA is pleased to annourcethe gpantment of Dr. Richard Vondak as Chief of the
Laboratory for Extraterrestrial Physics. Before dedding to join the LEP, he was Diredor of
SpacePhysics, Lockhead Palo Alto Research Laboratory, Lockheed Research and Devel opment
Division. Mr. Franklin Ottens is Assstant Chief. The Laboratory Senior Scientists are Drs.
Richard Goldberg, JohnHillman, Michad Mumma, Louis Stief, and Robert Stone; Dr. Joseph
Nuth isHead dof the Astrochemistry Branch; Dr. Keith Ogilvieis Heal o the Interplanetary
Physics Branch; Dr. Drake Deming is Head o the Planetary Systems Branch; Dr. Steven Curtis
isHeal of the Planetary Magnetospheres Branch, and Dr. James Slavin is Head of the
Eledrodynamics Branch. The Information Analysis and Display Officeis healed by Mr. Willi am
Mish.

The Civil Service scientific staff consists of: Dr. Mario Acuiia, Dr. JohnAllen, Dr. Robert
Benson, Dr. Thomas Birmingham, Dr. Gordon Bjoraker, Dr. JohnBrasunas, Dr. David Buhl, Dr.
Leonard Burlaga, Dr. Gordon Chin, Dr. Regina Cody, Dr. John Conrerney, Dr. Michad Desch,
Mr. Fred Espenak, Dr. Joseph Fainberg, Dr. Donald Fairfield, Dr. Willi am Farrell, Dr. Richard
Fitzenreiter, Dr. Michad Flasar, Dr. Melvyn Goldstein, Dr. Joseph Grebowsky, Dr. Fred Herrero,
Dr. Michad Hesse, Dr. Robert Hoff man, Dr. Donald Jennings, Mr. Michad Kaiser, Dr. John
Keller, Dr. Alexander Klimas, Dr. Theoda Kostiuk, Mr. Virgil Kunde, Dr. Ronald Lepping, Dr.
Robert MadDowall, Dr. Willi am Maguire, Dr. MarlaMoore, Dr. David Nava, Dr. Walter Payne,
Dr. JohnPeal, Dr. Robert Pfaff, Dr. Dennis Reuter, Dr. D. Aaron Roberts, Dr. Paul Romani, Dr.
Robert Samuelson, Dr. Edward Sittler, Dr. Mark Smith, Dr. David Stern, Dr. Jacob Trombka, Dr.
Aldofo Figueroa-Vifas, and Dr. Peter Wasil ewski.

Nationd Research Courcil Asociates: Dr. Richard Achterberg, Dr. James Clemmons, Dr. Frank
T. Fergusson, Dr. Nicola Fox, Dr. Robert Glinski, Joseph Harrington, Dr. Vladimir
Krasnopdsky, Dr. Masha Kuznetsova, Dr. Gerald Lehmadher, Dr. Giovanni Laneve, Dr. Thomas
Moran, Dr. Ned Dello Rus, Dr. Pedro Sada, Dr. Adam Szabo, Dr. Satoshi Taguchi, Dr. Peyton
Thorn, Dr. Eugene Ustinov, Dr. Mark Weber, and Dr. Xingfa Xie

University Space Research Asociation Sientists: Dr. Tamara Dickeson, Dr. Michad DiSanti,
Dr. Michad Goodman, Dr. Marcos Sirota, Dr. Nikolai Tsyganenko, Dr. Dimitris Vasdli adis, and
Dr. Hung Kit Wong. During this reporting period Dr. Marcos Sirotawon the USRA Excdlence
in Techndogy Award.



Personrel on Univesity Grants, University of Maryland Drs. Casey Liss, Timothy Livengood,
Thejappa Golla, Denise Lengyl-Frey, Ms. Kelly Fast; Catholic University of America Dr. Paul
Schindler; Cornell University: Dr. Michad DiSanti.

Visiting Faculty: Drs. Willi am Blass Robert Boyle, Edward Chang, Pamela Clark, Yaaal.
Dickerson, Bertram Donn,Robert F. Ferrante, Joan Frye, George Kraus, Lembit Lill eleht, Karen
Magee Sauer, Robert Nelson, Fred I. Neshitt, Richard Starr, David Steyert, Fred Volkening, and
Paul Withey.

Graduae Students Working onPh.D. or M.SThesis Research in the LEP: Patricia Daukantas,
Andrew Korb, Miska Le Louarn and B. Patrick Michad.

Undergraduae Students Working in the LEP: Kim Ennico, Gene Fujii, Nikolay lvchenko, Lori
Fenton, Todd Krygier, James Ramsey, Kyle Rice, and Christine Whelman. During this period,
Kim Ennico was named as a British Marshall Scholar. Leonard Boyd.

Contractor Asociate Scientists: From Hughes-STX (HSTX), Drs. Daniel Berdichevsky, Scott
Boardsen, Mr. Mark Cushman, Drs. Michad Goodman, Sanjoy Ghosh, Roger Hess Shrikanth
Kanekal, Brooke Lakew, Paul Marionn, Nitya Nath, Mr. George McCabe, Drs. Vladimir
Osherovich, Mauricio Peredo, Michad Reiner, Pamela Solomon, K. Edouard Siregar, Nikolai
Tsyganenko; from Science Systems Applications, Inc. (SSA, Inc.): Drs. Richard Achterberg,
Ronald Carlson, Mr. Lawrence Herath, Mr. James Tingley, Ms. Carolyn Martin; from Computer
Sciences Corporation (CSC): Drs. Larry Evans, Ashraf Ali, Rangasayi Halththore. Dr. Robert
Nelsonisonaone yea IPA appantment from Georgia Southern University.

NASA Headquaters Detail ees. Joseph Nuth and David Nava ae part-time detail ees in the Solar
System Exploration Division managing the Planetary Materials and Astrochemistry Program.
Theoda Kostiuk continues as a detail eein the Solar System Exploration Division. He manages
the Planetary Instrument and Development Program (PIDDP). Joseph Grebowsky and Mark
Smith are detail ees to the SpaceScience Division. Robert Hoff man completed histenure &
Healqguartersthis yea.

Thomas Birmingham is the Projed Scientist for the NASA SpacePhysics Theory Program
(SPTP), which provides suppat for 15 autonamous groups located at universities and aher
reseach centers throughou the U.S. He maintains ientific and management oversight.
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Mars

F. Espenak and colleagues T. Kostiuk, T. Livengood,and T. Hewagama (NASM) used the
Goddard Infrared Heterodyne Spedrometer (IRHS) to measure ozone in the amosphere of Mars
at 9.66 .m. The observations were performed atop Mauna Kea Hawaii, at the coude focus of the
3-meter NASA Infrared Telescope Fadlity (IRTF) during March 1995.Terrestrial Oz normally
renders Earth's atmosphere opague to these frequencies, bu Mars' large geocentric radial velocity
nea quadrature shifted the Oz lines into the wings of their telluric courterparts where the
terrestrial atmosphere was transparent enough to permit the observations. The spedra show an
enhanced ozone aundanceover arange of latitudes. Analysis of the entire data set is currently in
progress bu preliminary results indicae higher levels of ozone than predicted by the models of
Liu and Donahue, and Shimazaki.

V. Krasnopdsky examined a problem of uniquenessof a solution for phaochemicd modeling
and established arule that the number of boundiry condtions given by densities and/or non-zero
velocities fioud be equal to the number of chemicd elements in the system. He cdculated two
models of Mars phaochemistry, with and withou nitrogen chemistry, which fit the observations
of Oz, CO, O3, andthe Oz 1.27m airglow close to the uncertainties of the measured values. The
importance of nitrogen chemistry in the lower atmosphere depends on a fine balance between N
and NO in the upper atmosphere which is not known within the required acairacy.

M. Acufia continued his Principa Investigator (Pl) adivities onthe Mars Global Surveyor
Magnetometer and an Eledron Refledometer, ajoint eff ort with the University of California &
Berkeley and the University of Toulouse, France

J. Peal continued his adivities as a Co-Investigator (Co-1) onthe Mars Global Surveyor Thermal
Emisson Spedrometer (TES) experiment; Dr. Phili p Christensen (Arizona State Univ) isthe
TES H. Further work onthe Mariner 9 Infrared Interferometer Spedrometer (IRIS) data, with L.
Fentonand T. Martin (JPL), has provided quantitative values of dust opadty in the Martian
atmosphere during the dedine of the grea 1971 dwt storm. S. Dason and B. Conrath have
developed a scheme for the inversion d limb infrared radiances that is cgpable of measuring
verticd temperature perturbations due to propagating gravity waves. Eff orts have been initi ated
with D. Reuter to make new laboratory transmisson measurements of the far wings of the 15mm
CO- band; these measurements are required to permit acarate amospheric temperature
retrievals over the very long, low presaure paths to be encountered in the TES limb olbservations.
In preparation for possble upward-looking infrared verticd soundng from a Martian lander, M.
Smith devised an inversion scheme for probing the diurnal boundary layer using measurements
in the CO2 15 mm band. The method appeas able to soundthe lower scae height of the
atmosphere, with averticd resolution onthe order of 200 m.

The Atmospheres Node of the Planetary Data System was terminated in the past yea. As
closeout adivities of the Infrared Subnod, the Palomar Spedrogram observations of the comet
Shoemaker-Levy 9 (SL9) impad with Jupiter are being prepared for archiving.

T. Livengood continues hiswork on Hgh resolution infrared spedroscopy and imaging of planets
and onlnternational Ultraviolet Explorer (IUE) studies at the Laboratory, as a Reseach
Asciate of the University of Maryland under a moperative agreement with the LEP.



V. Krasnopdsky (NAS-NRC), M. Mumma, and G. Bjoraker obtained isotopic ratiosin Martian
cabon doxide from spedrataken at 3.7 mmand 8mm; they find that heavy oxygen (180) is
depleted onMars, relative to Earth. They interpret thisin terms of atmospheric evolution, and
argue that an initial atmospheric ebundanceof 5 bars CO isimplied at the beginning of the
heary bombardment, and abou 0.3 kars CO- at the end. V. Krasnopdsky, G. Bjoraker, M.
Mumma, and D. Jennings extraded upper limitsto abundances for CHa4, H-02, H.CO, and HCI
from the same spedra. The methane éundance (70 . 50 ppl) isnat significantly diff erent from
the Mariner 9 IRIS result, bu the upper limit for formaldehyde (

Jupiter

Thermal Waves on Jupiter: D. Deming and coll aborators completed an analysis of infrared
observations of planetary-scde thermal waves on Jupiter. They concluded that these low-
amplitude ( 0.3K) waves are likely to be Rosdy-gravity waves, represented by small (0.1
degreg latitude excursionsin the zonal winds. These latitude excursions produce temperature
fluctuations via "vortex stretching,” wherein changes in the derivative of presaure with resped to
potential temperature must occur in order to conserve Ertel's potential vorticity. Additional
observations of these waves are planned to be made in suppat of the entry of the Galil eo probe
into Jupiter's atmosphere. Since Jupiter is nea conjunction at the time of probe entry (Decanber
7, 1995, the observations will utili ze the McMath-Pierce solar telescope on Kitt Pe&k.

Jupiter andlo: J. Conrerney and colleagues T. Satoh, and R. Baron (Univ. Hawaii) have imaged
Jupiter at 3.40mm wavelength using the NSFCAM infrared camera and NASA's IRTF at Mauna
Kea Hawaii. The technique exploits a set of emisson lines of the Hz" ion (3.40mm) within a
strong absorption bend d methane, to image the distribution o Hz" with high spatial resolution
(subarcsec), time resolution (minute), and signal to nase ratio (hundeds). These images, like
those obtained previously with ProtoCAM, evidenceintense and amnipresent auroral emissons
at both magnetic poles and emisson at the foot of the 1o Flux Tube (IFT). The latter appeas as
an isolated, sub-arcsec spot which moves aaossJupiter's disc in concert with the orbital motion
of 1o; it isexcited by the dedrodynamic interadion d Jupiter's magnetic field with lo. The IFT
foatprint has subsequently been identified in Hublde SpaceTelescope (HST) ultraviolet images
obtained with the WFPC2 and FOC instruments. The June 1995and July 1995NSFCAM images
cgptured 10's sgnature in bah POLAR regions with gredly improved spatial and time resolution.
Analysis of theseimages is expeded to improve our understanding of lo'sinteradionwith
Jupiter's magnetic field. A complete map of the IFT foatprint on the planet's surface("ground
truth™) is now being assembled; when complete, it will constrain models of Jupiter's magnetic
field.

Jupiter Hz3" Aurorae: T. Satoh (Hughes/STX, GSFC) and coll eggues J. Conrerney (GSFC) and
R. Baron (Univ. Hawaii) used many ProtoCAM infrared images of Jupiter to model the
distribution o Jovian Hs" emissonsin the auroral regions. A lineaized inverse method has been
developed which all ows many images of the aurora, oltained at diff erent central meridian
longitudes, to be inverted, modifying a source model in such away as to minimize the diff erence
between the observed and simulated images, pixel by image pixel. A simple model consisting of
uniformly ill uminated, washer-shaped emisgon regions centered nea the magnetic polesdoes a
reasonably goodjob in modeling the observations, bu additional emissons are required to fully
explain the observed intensiti es. Evidenceis foundfor enhanced emissons at longitudes marked



by weder surfacemagnetic field magnitudes, and there gopeasto be alocd time enhancement
in emissons poeward o the airora oval in the dusk sedor. On the basis of the distributionin
longitude dong the auroral oval, the Hs" auroral emissons can be asociated with the
predpitation d eledrons drifting (towards higher system Ill longitudes) in longitude dou
Jupiter.

Sdar Wind Control of Jupiter's Hs" Aurorae: Auroral intensities obtained on 15 oberving dates
inealy 1992 tave been compared with atime series of solar wind ram presaures measured in-
situ by the Ulysses gacecaft (S. Bame, PI; R. Stone, Pl). The auroral intensity has two principal
comporents of time variability: A short-term variability (days) which correlates well with the
solar wind ram presaure ariving at Jupiter, and alonger-term variability (months) which is
believed to berelated to the energization and transport of magnetospheric plasmain Jupiter's
magnetosphere. The solar wind correlation supparts the view that Jovian Hs"™ auroraeoccur on
field lines that map to the distant magnetosphere, where small variations in ambient magnetic
field magnitude, driven by the solar wind fluctuations, can effedively "pump" energy into the
charged particle popuation and increase predpitation ona short time scde. In addition, a method
of analysis of phaometric observations of auroral emissons (auroral "light curves') has been
devised and ill ustrated with referenceto the Jupiter observations. Continued observations are
planned to monitor the state of the Jovian magnetosphere and to provide further insight into the
lo interadion and the generation o decaneter wave radio emisson.

Saturn

P. Sada, D. Jennings, G. McCabe, G. Bjoraker, and D. Deming performed mid-infrared (8 to 20
wm) observations of Jupiter and Saturn with CELESTE, a GSFC-developed cryogenic large
grating echell e spedrometer, in conjunction with the McMath-Pierce Solar Telescope
(KPNO/NSO). These observations were used to retrieve the stratospheric temperature structure
andthe abundancedistribution d various moleaular spedes of astrophysicd importance The
general objedive of this projed isto monitor changes in the status of the amospheres of these
planets, and to map the spatial distribution d the verticd temperature profile and the chemicd
abundance The Jupiter observations concerned the charaderization d the amosphere of Jupiter
one yea before the Galil eo misgon readies the planet in preparation for additional observations
planned to be caried ou simultaneously with the probe's entry and sampling of the amosphere.
Through these observations the feasibility and usefulnessof groundbased thermal-infrared
daytime observations of Jupiter obtained when the planet is close to the sun, and uravail able for
most observers, has been demonstrated.



Titan

Investigation d the Circulation d Titan's Sratosphere: Earlier dired measurements of the mean
zonal wind velocity from the diff erence of Dopper shifts of 12 .m ethane amisson lines from
the eatern and western hemispheres of Titan were @nsistent with prograde winds of 100m/sec
with a cmmparable sized urcertainty. Infrared heterodyne measurements are underway by T.
Kostiuk, T. Livengood,K. Fast, D. Buhl and F. Espenak in coll aboration with T. Hewegama and
J. Goldstein (National Air and SpaceMuseum) to improve on the results and establi sh velocity
uncertainties of better than 35m/sec. Analysis oftware is also being developed that will al ow
improved interpretation d the measurements including comparison to wind field models for
Titan. These investigations are not only of scientific interest, but also important for planning the
release of the Huygens probe into Titan's atmosphere & part of the Casgni missonand for
interpretation d resultant measurements.

Algorithms for the Retrieval of Temperature and Para-Hydrogen Fraction: These dgorithms,
developed by B. Conrath and E. Ustinov (NRC/RRA) in coll aboration with P. Gierasch
(Cornell), have been applied to Voyager IRIS thermal spedrato oltain zonal mean temperature
and para-hydrogen profil es for Jupiter, Saturn, Uranus, and Neptune. Estimates of the zonal
mean, upper tropaspheric dreculation for ead planet have been oltained by applying diagnostic
models to the temperature and para-hydrogen fields.

Atmospheres of the outer planets. W. Maguire llaborated with J. Hillman, D. Glenar, G. Chin,
W. Blassand M. Le Louarn to identify the composition d hazesin the upper atmosphere & the
SL9 impad sites on Jupiter, developing an atmospheric model to fit absolute refledivity (I/F)
variations in the methane and ammonia bands. In ather work, he worked with E. Ustinov, J.
Peal, B. Conrath, M. Smith, C. Martin, S. Dason and L. Fenton to develop atmospheric model
parameters to be used in an analytica study of weighting functions for Jupiter. In ancther areg he
continued his analysis of VVoyager 2 Neptune spedra, recantly identifying a new atmospheric
minor constituent, dicyanoaceylene (C4N>) in an average of IR spedra. Finaly, he performed
theoreticd cdculations relevant to gasesin planetary atmospheres using Lie dgebraic methods to
cdculate parameters for moleaules containing a small number of atoms.

Globd Winds on Saurn's MoonTitan: M. Flasar, M. Allison (NASA GISS and J. Lunine (U. of
Arizona) have completed areview of what is known abou the global winds on Titan, and
provide awind pofil e that forms the basis of the wind model currently used in planning by the
Casgni/Huygens misson. R. Achterberg and M. Flasar have mmpleted their analysis of thermal
waves in Saturn's atmosphere, as deteded in Voyager IRIS data.

They have identified awave with zonal wavenumber 2, which they interpret as a Rossy wave
excited by a aiticd-layer instability in the zonal mean flow. M. Flasar and R. Kill en (Southwest
Reseach Institute) have cmpleted their study of the information content of microwave
observations of the giant planets. They find that microwave fluxes at centimeter wavelengths
probe the relative humiditi es of condensible spedes, e.g., ammonia, and are fairly insensitive to
the amospheric temperature-presaure profil e.

Photochemistry of Titan's Atmosphere andlonasphere: V. Krasnopdsky and Cruikshank (ARC)
considered the phaochemistry of Titan's atmosphere and ionosphere. Their model included
verticd profiles of 32 reutral and 21ionized spedes. It established sublimation rates of parent



spedes N2, CHa4, and CO from theice predpitation rates of phaochemicd hydrocabors and
HCN, and escgperates of N, Hz, H, O, and C. Some new processes are discussed. A variety of
the models were chedked, and four basic unknowvn values and their plausible ranges were
determined: the CO mixing ratio, the magnetospheric dedron energy inpu, the rate wefficient
of readion ketween N2 ionand C, and the ion escgpe vel ocity.

Comets

Evolution d Comet SL9 After Break-up: K. Olson (930'George Mason Univ.) and M. Mumma
applied an N-Body dynamic code to argue that the nucleus of comet SL9 split i nto about 100,000
cometesimals, rather than 21 dscrete chunks, and that the cometesimal cloudthen re-grouped
into the several dozen 'fragments observed. They examined the dfed of disspative wlli sions
between cometesimals and showed that re-acaeted clumps can form at the core of individual
swarms under some @ndtions. Starting with a doud d cometesimals (ead 40mor 80 m in
size) at bre&-up, they showed that up to several dozen swarms form as the body receades from
Jupiter. T. Rettig (Notre Dame), J. Hahn (Notre Dame), and M. Mumma showed that the number
of ‘fragments foundin SL9 is consistent with asimple analyticd treament of the process Using
HST images, they examined the behavior of fragments that disspated; disspationis expeded for
low mass'fragments." M. Mumma € a. showed that the wings of material seen at discovery are
consistent with regolith stripping prior to tidal disruption d the nucleusitself. X. Xie, K. Olson,
and M. Mumma examined the dynamicd evolution d 'fragments from apgjove to impad, and
showed that the predicted entry light curves agreewith those observed by the Galil eo spacecaft.

M. DiSanti and M. Mumma showed that the organic emisson feaure (3.23.6.m) seen in comet
P/Swift-Tuttle was contributed by two spedes. Methand and another volatil e (X-organic). They
showed that the new emisgon tradks the volatil e production rate, na the dust intensity, and they
suggest that the progenitor is anew form of volatile cabon having an abundance mmparable to
methanad (~5%, relative to water). They discovered a sharp spedral fedure d the center (3.425
mm) of the X-organic feaure anditswidth (~1.2-1.7 cm-1), but were not able to identify it.

N. Dello Ruso and M. Mumma examined phdo-chemicd processng of cometary and

interstell ar ice analogues at low temperatures, emphasizing nuclea spin conversionin moleaules
with equivalent hydrogensparticularly those spedes that have been deteded o are expeded to be
present in comets. Following EUV irradiation at low temperature, the ices are warmed and gas
phase spedra ae taken. Individual ro-vibrational spedral lines are examined and the ortho to
pararatio (OPR) is measured. The goal of the study isto determine whether the OPR varies with
the temperature & which the sample was last processed. Comparison with the OPR's measured
for comets P/Halley and Wilson 1987VIlI may constrain the temperature and environment of
cometary formation.

X. Xie and M. Mumma developed a Monte Carlo model for the cometary coma, and applied it to
spacecaft measurements of comet 1P/Hall ey. The models were evaluated using bath hard-sphere
and more redi stic (semi-classcad) moleaular colli sion crosssedions. They first explored
sphericaly symmetric uniform outflow from the nucleus, and showed that the predicted outflow
velocities and their variation with cometocentric distance areewith measurements obtained by
the NMS instrument on Giotto. All previous attempts to model the Giotto ouflow velocities
failed. They showed that the successof a sphericdly symmetric model successully explains the



physics of a ammawith severe departure from sphericd symmetry largely because the goproach
geometry of the spacecaft remained in a particular azimutha sedor of the moma. However, the
derived global production rate bares an urcertain relationship to the true value. They then
developed amodel for axisymmetric outflow, and again achieved good agreement with Giotto
outflow velocities using an appropriate 'sedor' production rate. The global productionrate
(integrated over all sedors) depends onthe assumed degreeof asymmetry, and areasonable
range of asymmetry parameters was used to evaluate the possble systematic eror introduced into
the Giotto production rates by this effed. The aisymmetric model is now being evaluated for
use a other heliocentric distances, and for interpretation d remote spedroscopic observations.

Shoemaker-Levy 9 Jupiter Event

Water Detedion Foll owing Impact of SL9: G. Bjoraker and coll eagues at Cornell University used
the Kuiper Airborne Observatory deployed ou of Melbourne, Australia, to deted water
immediately following the impad of several fragments of Comet Shoemaker-Levy (SL9) with
Jupiter. They obtained spedra & 7.7 mm showing emisson lines of H>O and CHa. The pe&k
infrared signal occurred duing the fallbad phase in which g edafrom theinitial explosionre-
entered Jupiter's atmosphere and was heaed to 1000to 1200K nea the 3-microbar level. The
massof H20 in the G fragment was estimated to be 3 x 10" g, equivalent to a sphere of ice 180
m in dameter. The observed water was probably nat excavated from below Jupiter's water cloud.
Instead, the initial explosion reduced the cometary material into comporent atoms, including
oxygen and carbon, which were mixed with Jovian hydrogen to produce CO and H20.

In coll aboration with D. Banfield, P. Gierasch, and P. Nichdson (Cornell), B. Conrath developed
aretrieval algorithm to oltain verticd profiles of particulates from nea-infrared spedral
measurements. The dgorithm was applied to Palomar spedra measurements of SL9 impad sites
inthe 2.35um methane ésorption kand. In al cases, maximain the profil es were foundto be
locaed at presaures lessthan or equal to 10mbar.

D. Deming and J. Harrington are cnducting aradiative hydrodynamic simulation d the plume
infall from the ollision d comet SL9 with Jupiter. It is currently believed that fall-badk of the
plume geda produced large shock-heding of the upper Jovian atmosphere over an extended
region onJupiter. This hedaing over an extended areawas resporsible for the very bright infrared
emisgon seen by terrestrial observers and referred to as the "main event.” Deming and
Harrington's computations of this fall-badk processdefine the height profil e of the @mospheric
heding, and enable them to accourt for many feaures of the observed infrared light curves.
Spedficdly, they find that the series of secondary maxima foll owing the main peék of the light
curveis produced by arebound("bource’) of the infali ng plume material and the upper
atmospheric layers. Both the anplitude, and to alesser extent the period, d thisbource ae
influenced by the opaaty of the plume material because of radiative damping. They plan to
collaborate with G. Bjoraker and W. Maguire in order to include alarge number of moleaular
emisgon linesin the radiative opaaties.

Stratospheric anmonia and ethane enisson lines were measured from Jupiter at the NASA
Infrared Telescope Fadlity (IRTF) using the GSFC Infrared Heterodyne Spedrometer (IRHS), on
Mauna Keg Hawaii, as part of the IRTF Comet Crash Observing Program. T. Kostiuk was onthe
IRTF Comet Colli sion Science Tean. The @undance and dtitude distribution d ammonia



injeded into the Jovian stratosphere by the wlli sions were determined. Ammoniawas foundto
exist primarily at high stratospheric dtitudes above the 10 mbar presaure level. The total massof
ammoniaderived corresponds sgnificantly to agreaer amourt than can be delivered by
cometary nitrogen, suppating the hypothesis that the source material for the stratospheric
ammonia cane primarily from the degy Jovian atmosphere. The data ae dso being used to study
temporal changes of stratospheric anmonia using subsequent observation upto 8 months after
colli sion, thus testing phaochemicd models.

T. Livengood, T. Kostiuk, G. Bjoraker, and P. Romani also participated in the European
Southern Observatory campaign to olserve the SL9 impads, at ESO in La Sill a, Chile.
Observations were made using the fadlity thermal-infrared camera TIMM | onthe ESO 3.6 m
telescope. The team coll aborated with scientists from the European Southern Observatory, H.U.
Kaufl and G. Wiedemann. Data from these observations include the light curve of two impad
events, spedrophdometry of many impad sites during the week foll owing the impads, absolute
intensity measurements of the IR excessfrom ead impad site, and the morphdogy of the
stratospheric impad geda.

LEP staff were involved with olservations of the SL9 impad events using the IUE (T.
Livengood, T. Kostiuk, and F. Espenak) as part of the IUE SL9 International Science Team, with
particular resporsibility for the planning and analysis of measurements of the ultraviolet aurora
Spedrawere aquired o the aurorae the amospheric dbedo at the impad sites, the plasma
torus, and d aurora-like emisgon from several of the a¢ual impad plume events. Atmospheric
data wlleded from severa impad sites by the IUE include the entirety of ead impad region
considered, complementing the time-series of data aqjuired in the re of the G impad site by
HST.

Il . ASTROCHEMISTRY

Reactions of the vinyl radical are potentially important in determining the eoundances of such
moleaules as CoH>, CoH4, and CoHs in the @amospheres of Jupiter, Saturn, Titan and Neptune.
The most important readionis that with atomic hydrogen. The temperature dependence of the
rate constant and the product branching ratios of the readion d H atoms with vinyl radicas
(C2H3) have been determined. In a llaborative dfort with D. Shall crossof Cambridge
University, QRRK cdculations and Troe analysis were dso performed using the experimental
data. Calculations were made to investigate the relationship between the observed kinetics,
products, possble reation medhanisms and finally to suggest a value for the limiti ng low
presaure rate constant. The important results for models of the outer planets and satellites are: (1)
the measured rate anstant is substantially larger than that used in present models, and (2) the
first evidencefor asignificant yield of CoHs at low pressure and temperature. Also of importance
to models of the outer planets, measurements of the wlli sional deadivation d the nu* mode of
methane by He, H2 and CH4 were made over the temperature range from 205to 295K.

Cosmic-Type Ices Before and After Proton Irradiation: Laboratory studies of the spedral
properties of cosmic-typeices before and after protonirradiation are conduwcted using aunique



set-up designed spedficdly for theion banbardment of thin films of low temperature ices. The
focus of theseinvestigationsisto understand medhanisms and productsin irradiated icy materias
thought to exist in cometary ices, interstellar icy grain mantles, and in some cases the surfaces of
icy satellit es. The results provide information onappropriate physicd-chemica and radiation-
chemicd processes aswell asthe opticd properties of both simple and complex cosmic-type
ices. Experimental studies onthe spedral identification d new spedes g/nthesized in irradiated
CH30OH and H.O+CH30H ices have been completed. Mass gedroscopy of volatile spedes
relessed duing slow warming gves suppating information onidentificaions. H>CO isthe
dominant volatile spedesidentified in theirradiated ices; CHs, CO and CO» are dso formed.
During warming, the ice evolvesinto aresidua film nea 200K whaose fedures are smilar to
those of ethylene glycol aong with a C=0 bonded moleaular group. Irradiation simulates
expeded cosmic ray processng of icesin comets gored in the Oort cloudregionfor 4.6 Llli on
yeas. Results sippat the ideathat a cmet originaly containing an H.O+CH3OH ice omporent
has a deaeasing concentration d CH3OH towards its outer, most heavily irradiated layers (if
independent of all other sources and sinks). Infrared spedra of CH3sOH at T<20 K on amorphous
sili cate smokes show a predominantly crystalli ne phaseice

Far-infrared (20-100 .4m) spedral data onH20 have been oltained. Measurements were made
in transmisson wsing asili con substrate. Threesets of datawere olleded. Spedraof H2O ice
formed at 15, 40, 80, 100, 120, 148)d 160K. Spedraof H2O iceformed at 15K and warmed
to 40, 80, 100, 120, 146nd 160K. Spedra of H-O iceformed at 160K and codled to 140, 120,
100, 80, 40and 15K. These data ae part of a wllaborative dfort in which laboratory reference
datawill be used to help identify the phase and passbly the temperature of any H2O ice deteded
in nebulae aoundevolved stars observed using ISO.

Spedral emisgon featuresin the Red Redande (HD44179: Efforts to understand and correlate
such emissons to absorption feaures making up the Diffuse Interstellar Bands (DIBs) have
resulted in the proposal that thioformal dehyde (CH2S) may be resporsible for a number of
prominent DIBs between 677686 rm. Additional work onDIBs at 579.7and 585 m has lead to
amore thorough analysis of similar bands in the Red Redangle and the conclusion that the most
prominent emisson feaures between 570and 698 m (other than Na lines) may be due to the Cs
moleaule.

Sli cate Grain Formation andMetamorphism: A recent review hasidentified several key
parameters for further study: the nucledion processitself, metamorphism of theinitial
condensates and grain coagul ation medanisms. Experimental studies of the nucledion o
magnesium metal continue to add suppat to the gpli cability of Scded Nucledion Theory to
laboratory condtions; extension d this theory to circumstell ar environments will be more
difficult. Experimental studies of additional refradory vapors will continuein arder to test the
predictions of Scded Nucledion Theory. Becaise anneding of freshly condensed Mg-Fe

Sili cates will result in the formation o apopuation d single magnetic domain iron grains, an
initial theoreticad examination d the enhanced coagulation crosssedion d such materials has
recently been completed that demonstrated enhancements of as much as sven orders of
magnitude over the geometric aosssedion. It was aso argued that this processwould produce
very low dimension fradal grains having gredly enhanced absorption crosssedions that could
significantly affed interpretations of protostellar continuum flux measurementsin the
submillim eter range.



The morphdogy, distribution, and compasition o metalli ¢ particlesin individual chondules
from the Bjurbole meteorite have been investigated using a scanning eledron microscope with
energy dispersive X-ray spedrometer, to determine what correlations may exist between the
metalli ¢ particles petrographic charaderistics and the magnetic properties of the individual
chondules. Thisreseach provides information concerning nebular condtions and processes
resporsible for imprinting the observed magnetic charaderistics of chondules. These
measurements may be the first definiti ve proof that lightning discharges occurred in the primitive
solar nebula.

A 1-D methane phaochemical model was used to analyze the significance of recent rate constant
measurements. Two dfferent phaochemica scenarios to convert CoHo to CoHe can be
constructed, depending uponwhether R1 or R2 is used. But both involve the same sequence of
hydrocarbors (Cz2H2, C2Hs, C2Ha, C2oHs, CHs, C2He). Therate anstant for R2 was foundto be a
fador of 18,000times dower than used in previous gudies. The new rate measurement for R2 is
consistent with previous measurements but C.H4 was foundto be asignificant product in
additionto CoH> + Hz. Only the latter product channel had been used in prior methane
phaochemicd models. Thus, the new product channel in R2 has the potential to negate the dfed
of the reductionin ethylene formation ia R1. However, the readion scenario using R2 isless
efficient in converting CoH> to CoHe than the one using R1. Thisis because it depends uponH,
whichisin scacesupdy in the lower stratosphere where the ghylene dhannel isimportant.

The 1993 & Harold Thompson Memorial Award was presented to M. Weber, W. Blass S.
Nadler, G. Halsey, W. Maguire, and J. Hillman. It was presented by the Editors of
SpedrochimicaActa Part A, for the most significant contribution to spedroscopy puldished in
the journal in 1993.The paper is entitl ed, "L-Resonance dfedsin C2Hz nea 13.7 .m. Part II:
The two quantum hatbands' and represents the aulmination d a decale-long quest aimed at
understanding vibrational resonance dfedsin linea polyatomic moleaules.

Gas-Phase Spedr oscopy:

A significant effort in the LEP is high-resolution laboratory infrared spedroscopy of gaseous
moleaular spedes. The reseach effort (D. Reuter, J. Sirota, J. Hillman, M. Weber, and D.
Jennings) isfocused primarily on moleaules of planetary and astrophysicd interest, and suppats
NASA flight missonsin bah these aeas. The work also suppats groundbased astronamy and
terrestrial atmospheric studies. The group has begun a vigorous program to measure TDL and
FTS spedra & wavelengths greaer than 20mm. Measurements are scarce d these wavelengths,
but are aqucia for the analysis of datafrom upcoming missons sich as Cassni, where
Composite Infrared Spedrometer (CIRS) will obtain spedra of Saturn and Titan from 7 to 1000
mm. Recent work includes analyzing spedral datafor excited state and fundamental transitions
in Ho, 13C12CH6, CoH4, CoHo, N2O, CO», C3H4 and HNOs. Thiswork has been caried ou with
W. Blass(Univ. of Tenn.), J. Frye (Howard Univ.), J. Johrs (NRC, Canada), A. Perrin (C.N.R.S,,
Paris), D. Steyert (Wabash College), and L. Strow (UM BC&. These measurements have drealy
impaded planetary studies. For example, the °C ethane ( **C**CHs ) intensiti es have been used
in conjunction with groundrbased olservations to infer an esentially terrestrial **C/**C ratio on
Jupiter, whil e the intensiti es of the ehylene (C2H4) transitions have been used to oltain
concentrations of this edesin the upper atmosphere of Saturn.



The group hes developed a unique tunable diode laser (TDL) system for obtaining spedrato ~ 30
mm employing advanced (Si: Sb) BIB detedors, high performancelead-salt lasers and along-
path White-type sample cdl. A very long-path, coolable White-type cdl is currently in
fabrication which will alow path lengthsin excessof 500m at temperatures as low as 120K.
They are dso panning to enhancethe long-wavel ength cgpability of the Kitt Peak National
Observatory McMath FTS spedrometer by employing a series of long-wavelength beamsplitters,
and are developing methods for external cavity stabili zation d long-wavelength TDLSs.

|V.SOLAR AND STELL AR RESEARCH

Solar

Summer Faaulty Fellow E. Chang (U. of Mass) coll aborated with D. Deming to analyze the first
infrared spedrum taken of a solar prominencein the 1 to 5mm spedral region. The spedrum
was taken by D. Deming using the Fourier transform spedrometer at the McMath-Pierce solar
telescope on Kitt Pe&. It was foundto contain numerous emisgon lines dueto hydrogen and
helium. Analyses of the line widths and intensiti es are mnsistent with a scenario wherein helium
emissonisformed in the wader central regions of the prominence, whereas hydrogen emissonis
formed at the eldges, which are heaed by coronal EUV radiation. Infrared olservations of
prominences are planned to be made simultaneously with SOHO observations of UV emisson
lines.

Stellar

M. DiSanti with A. Schultz (CSC) and coll aborators imaged the southwest extension d the dust
disk in bPictoris, using the WFPC on HST in anovel configuration. The disk wasimaged in
PC1, while the cre of the stellar PS- was paositioned in WF4, thereby eliminating stellar
'bleeding’ in the disk image. A Pic was observed in identicd fashion, and was used to model bath
the PS- and light scatter for scded subtradion from the crrespondng b Pic image. Preliminary
anaysisindicates the disk is more alge-on than implied from groundbased imagery. The PC1
images clealy show anarrow disk with athicknessof ~0.2-0.4 arcsec extending out to a distance
greder than 20arcsec(300AU) from the star. This bright inner coreis surrounced by an ouer,
fainter envelope of material (width~80 AU), which may be lessdense, or may be mmpased of
grains with a strikingly diff erent size distribution.

P. Sada (LEP NRC), D. Jennings, G. McCabe (LEP Hughes/STX), and D. Deming, in
collaborationwith R. Loewenstein (U. Chicago/Y erkes) and R. Boyle (Dickinson Coll ),
performed mid-infrared stell ar observations with CELESTE, a Goddard-devel oped cryogenic
large grating edhell e spedrometer, in conjunction with the Apade Point Observatory 3.5m
telescope. The purpose was to seach for Zeaman splitting in the 12.32.:m Mgl 7i-6hline
(extensively observed in the Sun) in asample of late-type stars that are likely to have significant
magnetic fields in an attempt to make sensitive and dred model-independent measurements of
stellar magnetic fields. Initial observations consisted of high-resolution spedra of aOri and a
Tau, and subsequent observations of fainter strong-field stars are planned.



V.SOLAR WIND AND HELIOSPHERE

The International Solar-Terrestrial Program (I STP)

The LEP has alealing role in the ISTP program, a wmprehensive tril ateral (U.S., Japan,
European SpaceAgency) eff ort to study the plasma, energetics, and flow through the solar
terrestrial system. M. Acufia of the LEP isthe Projed Scientist for ISTP coordinated three
spacecaft, Wind, Geotail, and POLAR, to perform a study solar wind-magnetosphere couging.
LEP scientists have been chosen to participate in nine diff erent experiments, of which they serve
as Pl onfour. The Wind spacecaft, part of the GGS misson, was placead in dstant Earth arbit on
November 1, 1994 .Wind contains eight instruments covering the measurements of waves, fields,
plasma, and particles. The Radio and Plasma Wave Experiment (WAVES) is a mwmbined eff ort
of the Paris Observatory, the University of Minnesota, and GSFC. In additionto avariety of in-
situ plasmawaves, it covers the low frequency radio astronamy spedrum from the solar wind
plasma frequency cutoff nea 20-30 kHz up to nealy 14 MHz. In this frequency range, WAV ES
measures all four Stokes palarization parameters as well asthe diredion o arrival of the
emisson.

The laboratory contributed several instruments which were succes<ully launched onthe Wind
spacecaft. K. Ogilvieis Pl osthe solar wind instrument, R. Lepping is Pl of the magnetic field
instrument, and M. Kaiser is Pl of the WAV ES investigation.

The ISTP Rogram is now providing simultaneous coordinated scientific measurements from
many of the key areas of Geospace The ISTP Central Data Handing Fadlity (CDHF) and the
asciated Science Planning and Operations Fadlity (SPOF) provide the spacephysics
community with a set of integrated science products and associated todls to enable the planning
and conduct of solar-terrestrial physics. The data adivities are under the diredion d W. Mish,
the Deputy Projed Scientist for Data Systems. The set of products produced spans red-time
telemetry and science from several spacecaft and groundbased instruments. This data set is
continuowsly updated with the most recent measurements and is avail able to the spacephysics
community both eledronicdly and onCD-ROM in standard formats. Contributing data ae four
different groundbased investigations, instrumentation from multi ple geostationary spacecaft,
Geotail, Wind, and IMP-8 spacecaft, as well i nstruments on the soonto be launched POLAR,
FAST, SOHO and Cluster spacecaft.

The ISTP SFOF provides products and science planning todls that range from generic KP display
software, spacecaft ephemeris, field models, long and short range science plans, customized
trgedory and KP summary plots for individual spacecaft, to a cdalog of preliminary solar wind
events, science mordination and pubi c outreadithese products and tools are avail able
eledronicdly through the CDHF and the World Wide Web (WWW).

Data analysis programs for both the "key parameters® and the full data stream of the Wind
instruments are operative, and work onthe analysis of the data from the Wind instrument is
underway.



The Solar Wind

Observations of Sdar Wind Turbulence Accessto the data from spacecaft sampling the regions
from 0.3to 20 o more AU from the Sun has given us the oppatunity to study the evolution o
the interplanetary fields (magnetic, velocity, density, temperature) over a wide range of
condtions. M. Goldstein and A. Roberts have led eff orts to determine the nature of the
fluctuations, and in particular the degreeto which they represent adively evolving turbulence
During the past yea, much of this effort has focused onthe structure and evolution d the region
nea the solar equator known as the "streamer belt" locaed abowve large helmet streamers onthe
Sun. It has been shown that thisregionis highly striated, even nea the orbit of the Earth, and that
this dructure is amost certainly aremnant of condtions nea the Sun. The structure is gradually
eroded, apparently due to shea and compressve interadions between the filaments. With
Ulysses data, M. Goldstein and A. Roberts along with their co-workers, have been able to
confirm their previous predictions of how solar wind fluctuations evolve in relatively

structurel essflows. Studies of the evolution o Alfvénic fluctuations have further elucidated the
role of Alfvén wavesin solar wind accéeration, indicating that the observed properties of the
fluctuations are probably not consistent with the wave driven model. A. Roberts has gudied a
fast and aslow Alfvénic wind, finding that they have very similar properties, consistent with
their both having experienced a similar evolution despite the grea differencein their speeds.

Magretohydrodynamic (MHD) Smulations of Heli ospheric Phenomena: A substantial number
of scientists have been suppated by aNASA SpacePhysics Theory Program grant (Pl, M.
Goldstein) to use avariety of simulation methods to study heli ospheric phenomena. The group
uses a variety of numericd algorithmsto solve the mmpressble and incompressble MHD
turbulencein oreto threedimensions (A. Roberts, M. Goldstein, S. Ghosh, E. Siregar, and A.
Deane), bu also use hybrid codes (A. Figueroa-Vifas) and Vlasov-Maxwell simulations (A.
Klimas). The situations have more and more dosely approximated the red heliosphere. In the
most recent simulations, anew code using a Flux Correded Transport algorithm has been
developed with time dependent and non griodic boundary condtionsto study highly norinea
situations at high Mach numbers. The ade solves the inviscid compressble MHD equationsin
conservation form with all (effedive) dissgpationlocdized in steg structures. A simulation has
also been constructed which contains two shea layers with periodic condtionsin the diredions
transverse to the flow and supersonic and super Alfvénic inflow which isthe first to demonstrate
true spatial evolution d Alfvénicity instead of using time & a proxy for the radial coordinate.
The evolution olserved appeas very similar to that seen by spacecaft, bahinitsevolutionin
time andin where the evolutionis the strongest.

Instahiliti es of Alfvenic Fluctuations: M. Goldstein, A. Figueroa-Vifas, S. Ghash, and A.
Roberts have investigated instabiliti es of Alfvénic fluctuations due to couding with compressve
fluctuations. This has led to avery complete charaderization d the problem, and an applicaion
to the excitation d waves upstrean of interplanetary shocks. A. Roberts has siown that
compressve aomugdingsdo nd limit the anplitude of MHD wavesto be nea the value of the
mean magnetic field ("saturation"). The ladk of evidencefor thiseffed in the simulations
provides further strong constraints onthe role of Alfvén wavesin the accéeration d the solar
wind.S. Siregar and S. Ghosh, along with A. Roberts and M. Goldstein, have extended their
investigation d vortex streds in the outer heliosphere & solar minimum to include compressble
two- and threedimensional effeds that can be compared with the observed properties of the



density, and magnetic and elocity fields.

Theoretical Sudies of Sdar Wind Turbulence M. Verma (Il T, Kanpu), working with A.
Roberts and M. Goldstein, has applied turbulence phenomenalogies to the question d how much
heding of the solar wind can arise from turbulence These models suggest that turbulent heding
islikely to be significant throughou much of the heliosphere, and to be dominant in the inner
heli osphere. When combined with simulations, these results will enable usto have more
confidencein applying turbulence models to situations where noin-situ olservations are
avail able such asin the open solar corona, in coronal loops, and ower the solar paes. We dso
tested the validity of the two "standard" turbulence phenomenalogys using MHD simulations.
Both the Kolmogoroff and Kraichnan models appea to have significant limitations, espedally
for highly Alfvénic flows, athough the Kolmogoroff- like model does work better for non
Alfveénic regimes.

Pickup Protonsin the Distant Heliosphere: Presaure balanced structures are small-scde
structures aaosswhich the total presaure is constant, as discussed in the recent book d L.
Burlaga 1995.Using observations of presaure balanced structures nea 35 AU, in the distant

heli osphere (the region ketween 30AU and the termination shock), the pickup proton presaure,
density and temperature were determined by L. Burlaga g al. The results are consistent with the
model of V. Vasyliunas and G. Siscoe and the boundary condtions determined by the Ulysses
experiment of G. Gloedler et a. The pickup proton pressure was foundto be much greaer than
the solar wind presaure & 35 AU, so L. Burlaga & a. concluded that the pickup protons must be
included in any MHD model of the distant heliosphere and the interadion d the solar wind with
the interstellar medium.

Merged Interaction Regions and Cosmic Ray Moduation: Global Merged Interadion Regions
(GMIR's) were observed in the Voyager 2 magnetic field data during 1990and 1991 Iy L.
Burlaga, N. Ness and F. McDonald et al. These two GMIR's caused major step-deaeasesin the
cosmic ray intensity. The relation ketween the dhange in the wsmic ray intensity and the
magnetic field strength isthe same & 35AU asit wasat 11 AU. The GMIR observed duing
1991was precaled by arelatively strong shock discussed by L. Burlaga. This shock could have
been related to the one that D. Gurnett et al., propased as the cause of the radio emissons
observed duing 1992.

Interaction d the Sdar Wind with the Termination Shak andHeliopatse: C. Whang and L.
Burlaga developed amodd of the interadion d the GMIR shock discussed above with the
termination shock and heli opause. They showed that the GMIR shock would produce bath a
refleded shock and a transmitted shock when it interaded with the heliopause, and they
suggested that the two bands of radio emissons were produced in the two regions behind these
shocks. In view of the oonclusion d L. Burlaga & ., that pick-up protons play amajor rolein
the dynamics of the distant heliosphere, C. Whang developed a two-fluid model that considers
baoth the solar wind protons and the pickup protons. Using this model, C. Whang, L. Burlaga and
N. Nessconfirmed the qualitative amnclusions of C. Whang and L. Burlaga, and they estimated
that during 1991-1992the termination shock and heli opause were & 66 AU and 150AU,
respedively.

Radio "Snaghat" of the Interplanetary Field: A major goal of the Ulysses URAP isto tradk



suprarthermal eledrons which stream away along the spiral interplanetary mgnetic field from the
Sun after asolar flare. These dedrons produceradio waves, which can be observed remotely by
URAP. In particular, the diredional observations of these bursts from high heliographic latitudes
provides a unique perspedive of the exciter eledrons, which usually foll ow magnetic field lines
nea the ediptic plane. Thisisthefirst dired "snapshaot” view of the spiral structure of the field
structure out to distances of the order of 1 AU. The technique dso shows large dhangesin the
fields due to coronal disturbances such as Coronal MassEjedions. M. Reiner, J. Fainberg, and R.
Stone have demonstrated the goplicaion d the Ulysses observations to the detedion o large
scde distrubances in the interplanetary magnetic field. In conjunction with the Wind WAV ES
experiment, this technique will be extended, to threedimensions resulting in, the triangulation o
radio source positions.

WAVES Preliminary radio andPlasma Observations: M. Kaiser is currently PI for this
experiment. Co-I'sfrom LEP include M. Desch, M. Reiner, R. Stone, J. Fainberg, R. Madowell,
andW. Farrell. To date, emisgons from the sun (type Il andtype Il bursts), from the Earth
(auroral kilometric, myriametric, and man-made noise), from Jupiter (decametric and hedometric
comporents), and the asmic badkgroundradiation have been measured. Simultaneous
observations between WAV ES and the Ulysses URAP experiment in solar orbit will permit
triangulation d solar type Ill sourceregions. Simil ar observations between WAV ES and URAP
are providing detail ed two-dimensional mapping of Jupiter's hedometric wavel ength radiation
pattern. Simultaneous observations between WAV ES and the Nancay Observatory in France ae
providing complete spedral coverage of the Jovian decanetric spedrum for the first time.
Finally, radar transmisgons from the SURA fadlity in Vasil'sursk, Rusda, have been deteded
nea 9 MHz by WAV ES, demonstrating that ionaspheric propagation reaseach can be adieved
with oy afew kw of radiated power. Observations of noise freeregionsin the spedrum at low
frequencies will help in the planning of future spacelow frequency radio astronamicd missons.

The Eledron Foreshock A survey of the dedron foreshock using observations from the Wind
Solar Wind Experiment (SWE) isin progressby R. Fitzenreiter. The Wind spacecaft was well
situated in its ealy orbits for aforeshock study, sincevariations in the solar wind magnetic field
abou its average diredion krought the spacecaft into repeaed magnetic contad with the Earth's
bow shock. The 3-D eledron el ocity distribution measurements of SWE are providing
information abou the source of the badstreaming eledrons originating at the point of magnetic
contad with the shock. The measurements do in fad distinguish between upstream eledrons
which are due to magnetic refledion d solar wind el edrons incident on the bow shock and those
which ariginate in the magnetosheah and move upstrean through the shock. The measurements
also provide unpreceadented resolution d the velocity dispersed lealding edge of the foreshock
boundxry, the regionin which bump-on-tail reduced eledron velocity distributions are observed
aswell asintense Langmuir waves generated by the dedrons. These observations are being used
in conjunction with simulations (A. Klimas) to study the plasmawave generation rocess
spedficdly the balance between plasma wave generation and maintenance of the unstable
eledron velocity distribution due to replenishment by upstream eledrons from the bow shock.

Particles Accderated by Many Colli sonlessShaks: Using datafrom the ULY SSES SNVICS
experiment in collaboration with G. Gloedler, K. Ogil vie and scientists from Code 660 have
studied particles acceerated by the many colli sionless $iocks, bah forward and reverse,
observed beyond 1AU These shocks are mostly quasiperpendicular and have Macdh numbersin



therange 1.5 5.1t can be shown that both particles from the solar wind and particles from the
pickup dstributions are accéerated into a phase spacedistribution which joins up to the
distribution olserved at higher energies. The shape and the normali zation d these distributions
can be acworately smulated by using Monte Carlo methods. Because of the low badkgroundand
complete massdiscrimination d the SWICS instrument, these studies are now possble.

Jupiter, a Souce of Oxygen in the Interplanetary Medium: Using SWICS-Ulysses observations,
K. Ogilvie has determined the strength of Jupiter as a source of neutral oxygen in the
interplanetary medium. It can be shown that Jupiter is arather weak source of oxygen in the

heli osphere when compared to the interstellar medium.

Interplanetary Magnretic Clouds: Magnetic douds are interplanetary structures with enhanced
magnetic field charaderized by a smoacth rotation d the magnetic field vedor and alow proton
temperature T, and were first identified by L. Burlaga and coworkers at GSFC in 1981 .Work has
continued here on the modeling of magnetic douds using theoreticd ideas based onthe nonlinea
evolution d magnetic flux ropes.

V. Osherovich, C. Farrugia and L. Burlaga have studied the dfeds of gas presaure. They
asumed the energy transport is described by a paytropic relationship and reduced the set of
ided MHD equations to asingle second ader norinea ordinary differential equation for the
evolution function. This equation led to the interpretation d the system in terms of amechanicd
analog of aone dimensional norinea oscill ator.

The theoreticd analysis $iows that the self-similar expansion d a magnetic flux tube requires the
polytropic index gammato be lessthan unty. These workers have dso compared and contrasted
two models which have been proposed for the global magnetic field line topdogy of magnetic
clouds: one being a magnetic flux tube geometry and the other being a spheromak geometry
(including possble higher multi ples). Because the duration d typicd magnetic doudencourters
at 1 AU (1to 2 chys) iscomparableto ther travel time from the Sunto 1 AU, the douds soud
be treded as grongly nonstationary objeds. By treaing magnetic douds as slf-similar evolving
MHD configurations and solving rigorously the full set of MHD equations, it was demonstrated
that the asymmetry in the magnetic signature may arise solely as aresult of expansion. It was
foundthat the magnetic structure of the doudis modeled better by the magnetic flux tube. For
the spheromak, howvever, self-similar radially expanding solutions are known oy for gamma
equal to 43. From work dore ealier, Osherovich et al., showed that the paytropic relationship is
appli cable to magnetic douds and that the correspondng palytropic index is~ 0.5.This
observational result is consistent with the self-similar model of the magnetic flux rope, bu isin
conflict with the self-similar spheromak model. In additi on, the self-similar noninea evolution
of rotating magnetic flux ropes was gudied and resented in a paper in pressby C. Farrugia, V.
Osherovich, and L. Burlaga dong with observationa evidence of magnetic doudrotation.

Ulysses provided an oppatunity to study of a doud olserved at 4.6 AU from the Sun duing the
period 1012 June 1993.J. Fainberg, V. Osherovich, R. Stone R. MadDowall, J. Philli ps (LANL)
and A. Balogh (Imperia College) condicted athorough study of the wave, thermodynamic and
magnetic properties of this cloud. The traversal of this cloudtook threedays (~ 2 AU aaosy,
and there was a sheah region onead side of the doudextending in time for abou 1 day. The
boundiries of the doudand the sheah were well delineaed in the magnetic, thermodynamic, as



well aswave dharaderistics. Within the doud,the dedronto proton temperature ratio was ~10-
20,whichislarger than typicd for cloudsat 1 AU. As predicted by the modeling work at GSFC,
thisincrease shoud lead to agrea deaease in Landau damping, which would permit excitation
of ion-amustic like waves. Such waves Dopper-shifted were observed by the URAP experiment
in this cloudat times diredly correspondng to large temperature ratios. Within the doudthe
polytropic index of the dedrons which formed the dominant plasma presaure term was ~ 0.35
0.37,whichislessthan unty and which acording to the models of Osherovich et al., will | ead to
expansion d the doud.In the sheah region, the paytropic index was foundto be dose to
adiabatic, which indicaes that the doudwas isolated from the solar wind by its $yeah. The
analysis of thiscloudat 4.6 AU has added to ou confidencein the gplicability of this MHD
solution to interplanetary magnetic douds.

Theoretical Analysis of Resonarce Condtionsin Magnetized Plasmas: V. Osherovich and J.
Fainberg have studied cylindricd oscill ations of eledronsin a plasmawhere the badkground
magnetic field is paral € to the ais of a ¢ylinder and theion badkgroundis taken to have a
constant positi ve density. Asauming self-simil arity, they reduced the problem to two second
order norlinea differential equations, relating fluctuations of eledron density and fluctuations of
magnetic field. The system studied is $1own to have two fundamental frequencies. In the linea
domain, these frequencies correspondto the Z and X cold plasmawave autoff frequencies(R =0
and L = 0 condtionsin the notation d Stix, respedively). Thus, they differ by the gyro
frequency. In the norlinea domain, these frequencies change and resonances at harmonics and at
the sum and dff erencefrequencies appea. When the plasma/gyro frequency ratio is close to an
integer, these results indicate speda resonance @ndtions which are charaderized by a
stegoening of the fundamental resonances and an intensificaion d the higher-order harmonics.

VI. PLANETARY MAGNETOSPHERES AND LOWER
ATMOSPHERE

Although very detail ed in-situ measurements are posshble by flying spacecaft through the
magnetosphere, it isavery difficult problem to map these zero dmensional point measurements
into an owerall threedimensional view of the Earth's magnetosphere. To assst in these mapping,
increasingly redistic and sophisticaed global MHD simulations of the magnetosphere have been
developed. Under the auspices of the ISTP program, Deputy Projed Scientist for Theory and
Groundbased Experiments, S. Curtis, major advances have been made in this areaduring the last
yea. First, existing simulations which have been developed at two institutions (UCLA and
UMD) have been for the first time quantitatively inter cdibrated and benchmarked against a set
of well defined satellit e observations. The results of this gudy have yielded na only an excdlent
case study of the aility of present simulationsto "images" of the global magnetosphere, bu;, also
illuminates those aeas where alvancesin simulationtechnique ae required. Seand,in
anticipation d the increasingly quantitative demands which programs such as ISTP will placeon
the simulations, development has progressed onanew generation d simulations which can
dynamicdly adjust the mesh used in the simulation to the level of resolution required to describe
the processes to within the limits of the MHD approximation. S. Curtis and asociates at GSFC's



SpaceData Computing Division have been developing concepts and spedfic misson designs
involving multi spacaaft with controll ed separation. These next generation simulations will also
be ale to naturaly incorporate kinetic processes on length and time scdes in which the MHD
approximation fail s.

In addition, dweto engineeing and design bregkthroughs resulti ng from a partnership with
private industry, magnetospheric multi probes in the form of four spacecaft flying in a tetrahedral
array are now in the NASA MIDEX pricerange. Two concepts that have been developed and are
presently being refined under the diredion o S. Curtis are Grand Tour Cluster Lite, which will
tour the boundiry regions of the magnetosphere and Auroral Lites which will study the
filamentry plasmas of the auroral zones. Both sets of multi probes will separate space adtime
scdesdownto 1 km for thefirst timein an astrophysicd plasma.

Theoretical Studies

Dynamic formations of the arrent shed: M. Hess's research focused onthe dynamicd
formation d thin current sheds in the magnetotail, and their breakup at the onset of substorm
adivity. Thin current shed formation was modeled by means of both particle and MHD type
numericd methods. In bah cases it was foundthat driving eledric fields as expeded from
southward IMF condtions leal to the formation d new thin current sheds embedded in the
plasmashed. The driving eledric field, havever, did na penetrate into the plasma shed region,
such that driven convedion appeaed to be largely absent. Further studiesinvolved particle
acceeration in self-consistent particle models of magnetotall dynamics, reconnedion related
acceeration mechanismsin astrophysicd plasmas, formation processs of field-aligned current
systems, neutral atom fluxes from charge exchange in the plasma shed, and flux rope formation
from buble-like plasmoids. Associated code devel opment was required for threedimensional
MHD and MHD-equili brium codes, as well asfor hybrid codes.

Magnretospheric Modeling: The LEP magnetospheric modeling group,D. Stern, N. Tsyganenko,
M. Peredo, and T.Sotirelis continued deriving modues and todls, and assembling them into
global magnetospheric models. N. Tsyganenko hes derived a global model with redistic
magnetopause shapes and behavior, andis extending it to include Birkeland currents. Both he
and Stern have developed Birkeland modu es and Stern has also pulished a comprehensive
review of modeling, aguideto thefield. T. Sotirelis modified an existing Tsyganenko model to
approximately satisfy force balancewith the solar wind. He and M. Peredo aso succesdully
applied scdar patentials expanded in tangent sphere harmonics (the dosest thing to dpade
hammonics) to the representation d the fields of Birkelandlike aurrents.



Jovian M agnetosphere

A new comporent of Jovian low frequency radio emissonwas identified in the Ulysses high
Jovian latitude data. This new emisson comporent, cdled bursty high latitude (BHL), differs
from well-known kilometric Jovian radio emissonsin that it isvery bursty and elli pticdly
Polarized. It is the only known example of €lli pticaly Polarized Jovian radio emisson at

kil ometric wavelengths (Jovian DAM emisson has also been olserved to be dlipticdly
Polarized). The discovery of the BHL emisgonis sgnificant because it may leal to a better
understanding of the dfeds of wave muging with the medium. It is believed that the observed
circular Polarization d the well-known Jovian kilometric enissonsis a mnsequence of this
mode cuping. Ray traang cdclulations which include the mode cougding may lead to a
understanding of why BHL is €lli pticdly Polarized whil e the other kil ometric comporents are
circularly Polarized. The BHL emisson may be generated by a mechanism propased by K. Wong
and M. Goldstein. Additional work onthe jovian magnetosphere and 1o are included in the
sedion onPlanetary and Cometary reseach.

|l onospheres

R. Benson hesrecantly employed 1SIS data to emphasize that caution must be used when
applying conclusions based onterrestria auroral kil ometric radiation olservations to radiation
processes in planetary magnetospheres snce source-region condtions can be quite different in
the extraterrestrial environment. R. Benson also used hisionaspheric topside sounder experience
as amember of the Radio Plasma Imager (RPI) tean to help develop the amncept of
magnetospheric radio soundng. The RPI was one of the instruments in the Imager for
Magnetopause-to-Aurora Global Exploration (PI, J. Burch/Southwest Reseach Ingtitute)
(IMAGE) that passed the first part (science and instrumentation) of atwo part evaluation process
in the arrent MIDEX competition.

R. Bensonis heading an eff ort to convert data from the International Satellit esfor lonospheric
Studies (1SIS) into adigital format. This unique ionaspheric topside sounder data set isin danger
of being lost because of problems with media deterioration and avail abilit y of sufficient storage
spacefor the tapesmost of which have never been processed to yield ionagrams on 35mm film.
The ISIS satellit es have produced the only global mapping of the topside ionasphere over more
than an entire solar cycle. The data ae dso ided for investigating stimulated plasma emissons
and retural radio emissons. The goal isto convert the SIS topside sounder data from the
origina analog telemetry tapes diredly into dgital ionograms.



Venus Lightning/l onospheric Waves

More than adecale dter discrete narrow band low frequency (L00Hz) eledric field busts were
first deteded by the dedric field waves detedor on Pionea Venus, thereis gill some agument
asto the source of these signals. They could be whistler mode signals resulting from lightning
within the Venusian atmosphere, or perhaps smply ioncspheric induced plasmawaves
signatures. In the latest overview, J. Grebowsky et a. break down all the evidence, opticd and
eledric, to show that thereis grong evidenceopticdly for the presenceof lightning and that a
subset of the low frequency waves deteded in the ionosphere have properties that are best
attributed to whistler mode radiation from atmospheric dedricd discharges. However, na al the
100Hz signals satisfy the whistler mode propagation criteria, indicating that other nonli ghtning
medchanisms are mincidentally present. It is difficult to surmise ay reasonable occurrencerates
of lightning from the E field observations. Opticd measurements are dso sparse. More
measurements are required to determine the li ghtning medianism from the global distributions
and cccurrencerates of the flashes.

Equatorial Eledrojet and Spread-F Eledrodynamics

The LEP caried ou comprehensive rocket/radar plasma physics experiments in Brazil as part of
the Guara canpaign from September-October 1995.These experiments included instrumentation
to measure the driving DC eledric fields, current density, plasma density, and dasmawaves
(including wavenumber and phese velocity) in the unstable daytime equatorial eledrojet. The
data provided the first complete picture of the dedrojet eledrodynamics including the two-
stream and gradient drift waves which are driven by this unstable system. In addition,
instrumentation was prepared for another rocker payload developed by J. LaBelle & Dartmouth
College, which, for the first time, investigated the detail ed instabilit y physics of the very high
atitude (900 km) "plume" structures associated with equatorial plasma depletions.

M esospheric Atmospheric Dynamics

The first phase of the program Mesosphere and Lower Thermosphere Equatorial Dynamics
(MALTED) was concerned with the interadion d large and moderate scde waves with small
scdeinstabiliti es and turbulence The tropica dynamicd structure of the mesosphere is thought
to be quite different from that observed at other latitudes. Twenty meteorologicd rocket fli ghts
were @mordinated with 4large Nike-Orionflightsto provide aten day sequencein the
meteorology of the region. Preliminary results have drealy been presented at several national
and international medings, and will shortly be avail able in pulished form. These results
demonstrate the goparent presence of turbulencein narrow layers between 8590 km altitude,
with fedures smilar to bu weaker than those seen in the POLAR summer mesosphere. The
eledrojet was also sounced with these same Nike-Orion payloads and is yielding information
abou both two stream and gradient drift instabiliti es in the daytime and the lesswell-known
nighttime dedrojet.

Highly relativistic dedron pedpitation (HREP) during HREPevents. These events usually
increase in frequency and intensity during the downward side of the solar cycle. From data
aquired from rockets launched at Poker Flat, Alaska, duing an HREP event in May, 1990,R.
Goldberg has estimated that depletions in mesospheric ozone muld exceal 20-30%. Such



depletions can reducethe heaing of regions nea maximum energy depasition by as much as 4
K/day, whichislarge enough to affed locd winds and aher dynamics. Furthermore, the impad
of these relativistic dedrons might cause Joule heaing of the lower mesosphere by 1-2 K/day,
depending on the magnitude of the locd eledric field. A new study with Upper Atmosphere
Reseach Satellite (UARS) isjust underway to seek out these dfeds and determine their
magnitude. F. Herrero in coll aboration with J. Meriwether (Clemson U.) and F. Biond (U. of
Pittsburgh) discovered a new hea sourcein the eguatorial thermosphere such that the
thermosphere eat of the Andean mourtain range is consistently hotter than the thermosphere to
the west, and the zonal neutral winds are consistently slower in the eat. The observations were
performed using the Fabry-Perot interferometer in Arequipa, Pert. The hea sourceis preliminary
understoodin terms of tropospheric waves generated at the Andean barrier with vertica
wavelengths in excessof abou 40 km.

Fourier analysis of the thermospheric density variations measured by the San Marco satellit e,
uncovered refledion d tidal modes from the 300 km altitude region. Possble caisesinvalving
iondrag and/or viscous disspation under investigation. This adivity isbeing carried ou by F.
Herrero in coll aboration with the University of Rome investigators of the Progetto San Marco. G.
Laneveis currently avisiting scientist under the NRC program. A new LEP projed has been
funded to study verticd velocity distribution in the low-latitude thermosphere and correspondng
eledrodynamic dfeds. F. Herrero is projed leader for this program.

VII. SPACE FLIGHT PROGRAMS

This dion povides a brief description d currently operational satellit es, spaceprobes, and
rocket programs in which the LEP contributed operations, hardware, data analysis and scientific
reseach. Other sedions provide amore detail ed dscusson d some of the scientific results
obtained from these missons.

M. Acufiaisthe Projed Scientist for the entire International Solar Teresdrial Program (ISTP)
which includes the foll owing spacecaft: Wind, Geotail, POLAR, Cluster, and SOHO. A brief
discription d these and aher spacecaft foll ows:

Voyager

Data ae still being receved from Voyagers 1 and 2experiments. These data include magnetic
field, radio wave, eledron andion dasma observations in the outer planet magnetospheres and
the lo plasmatorus. Comprehensive infrared spedra of the outer planets acquired with the
Voyager Infrared Interferometer Spedrometer (IRIS) instrument provide information ongaseous
abundances, temperature profil es, winds, and ret energy balances in the amospheres of the outer
planets. In addition, the interplanetary data from the magnetometer and dasma instruments are
being intensively studied.



M P-8

The multi-decale old IMP-8 spacecaft continues to provide valuable information onsolar
energy inpu into the terrestrial magnetosphere and measurements of the Earth's magnetotail
dynamics with coverage extending over a mmplete solar cycle. R. Lepping is the magnetometer
Pl.

Ulysses

Observations from the Ulysses gacecaft, the first misgon to explore heliospheric space dove
the paes of the Sun, are providing new information onthe structure and content of the
interplanetary medium. R. MadDowall i sthe PI for the Ulysses Unified Radio and Plasma Wave
investigation (URAP). The Ulysses gacecaft reated 80S. heliographic latitude in September
1994and subsequently made arapid transit of the heliographic equator, reading the highest
northern heliographic latitudesin July 1995.The first URAP results from high latitudes have
been pulbished by R. Stone and coll eagues. The URAP observes radio emisgons from the Sun,
interplanetary medium and danets. A wide variety of in-situ plasmawaves, which result from
unstable particle distributions in the solar wind are measured. Sincethe Ulysses went from the
high southern to high nathern latitudesin orly afew months, it has provided an ungecedented
oppatunity to study the latitude gradients of the various plasma wave modes popuating
interplanetary space LEP scientists play alealing role in the study of solar radio phenomenain
the frequency range of 30 kHz to 2 MHz. Instruments are designed for a mmprehensive analysis
of radio waves in the interplanetary medium originating from solar eledrons traveling along the
interplanetary magnetic field and from large interplanetary shocks.

Geotail (1SAS Japan)

The Geotail spacecaft, launched as part of the ISTP was launched succesdully in July 1992.1ts
continuing objediveisto explore and undrstand the Earth's geomagnetic tail. Two LEP
investigators onthismissonare M. Acufia and D. Fairfield whose reseach is basicdly the study
of magnetic fields. D. Fairfield is also Deputy Projed Scientist for Geotail .

Wind

The Wind spacecaft, is part of the Global Geoscience Misson (GGS) of the ISTP program. Its
misson oljedive isto measure the magnetosphere energy depasition into the Earth's atmosphere.
The LEP has alarge number of PI'sand Co-I'sonthis gacecaft. K. Olgilvieis Deputy Projed
Scientist for thismisson.



Sounding Rocket Program

The LEP played amgjor role in the Guara Rocket Campaign, a NASA/Brazili an joint scientific
program condcted at Alcéntara, Brazil, from August-October, 1995.This ste was ®leded
because of its proximity to the magnetic and geographic equators. PI's from the LEP (R. Pfaff, R.
Goldberg), Dartmouth (J. LaBell e) and Clemson (M. Larsen) were resporsible for the launch of
33rocket payloads designed to investigate several equatorial phenomenaincluding the dedrojet,
spread F, and mesospheric-atmospheric dynamics. The first phase of the program Mesosphere
and Lower Thermosphere Equatorial Dynamics (MALTED) was concerned with the interadion
of large and moderate scde waves with small scde instabiliti es and turbulence R. Pfaff of the
LEP isthe Projed Scientist for the soundng rocket program.

The following missons are expeded to be launched in the next yea:

POLAR

POLAR isapart of the ISTP Rogram. This acecaft will be placeal in a90inclination,

eli pticd orbit with a9 RE apogee ad a 8 RE perigeeorhit. It is expeded to be launched in ealy
1996.R. Hoffman is the Deputy Projed Scientist. The Laboratory has a number of Co-I'sonthis
spacecaft.

Cluster

The Cluster misson consists of four identica spacecaft that are to be launched into aPOLAR
orbit (90inclination) with 4 RE perigee aad 22RE apogee The misson, whichisaso part of the
ISTP, is designed to separate spatia from temporal structures in the Earth's magnetosphere andin
the solar wind. At ascde larger than 1000 kn, the four Cluster spacecaft are equipped with fuel
sufficient to change the spacecaft separation from several hunded km to several RE and badk
during the two yea nominal lifetime of the misson. The spacecaft will be launched onan
Ariane 5 in the Spring of 1996.Members of the laboratory are Co-1's on the magnetometer,
eledron dasma, and eledric field experiments, and M. Goldstein is the Deputy Projed Scientist.

NEAR

M. Acufia ontinues as the Nea Earth Asteroid Rendezvous (NEAR) magnetometer lead
investigator

The NEAR misson hes a February 1996launch date. b M. Acufiaisthe Tean Lealer for the
Magnetometer Fadlity instrument and J. Trombka is the Tean Lealer for the X-Ray/Gamma-
Ray Spedrometer (XGRS) Fadlity Instrument. The major adiviti es presently underway involve
the cdibration and werification d operation d the fli ght instruments. Present indicaions are that
bath flight system are operating properly and meding spedficaions.

Mars'96 Misgon (Rusgan)

The X-ray/Gammaray spedrometer groupadivities are a Co-I's onthe Russan Mars '96
misgon and the Joint NASA/FBI Techndogy Sharing projed.



Clark

Flight x-ray spedrometers g/stems utili zing room temperature detedors for the observation o
solar transient events has been constructed and will be launched in 1996aboard the Clark
misgon. The results of these Earth arbital flights will also be useful for possble gplicaionto
future (XGRS) systemsto be flown onDiscovery planetary exploration missons. The PI for this
X-ray Spedrometer isR. Starr. M. Acufia and J. Trombka ae Co-I's. This projed is being caried
out in cooperation with investigatorsin the Laboratory for Astronamy and Solar Physics (Code
680).

FAST

The objedive of the Fast Auroral Snapshat Explorer, (FAST) isto examine the physicd
processes that producethe Earth's aurora & the highest temporal resolution yet obtained.
Instruments for FAST will study the type of particles that stream down along magnetic field lines
that causes the spedaaular aurora displays, and the dedric and magnetic fieldsin the POLAR
regions of the Earth. The FAST instruments are provided by the PI, C. Carlson at the University
of California, Berkeley, with Co-I's from numerous U.S. and European ingtitutions. R. Pfaff of
the LEP isthe NASA Projed Scientist.

SWAS

The Submillim eter Wave Satellit e, (SWAYS) is a pioneeing astrophysics missonin which a
submillim eter-wave radio olservatory has been built to study the interstell ar chemistry and the
processes of star formationin interstellar clouds. It will Eerform its misgon by obtaining high
resolution heterodyne spedra from transitions of H20O, co, ClI, and O.. Study of the emisson
from these key transitions provide insight to the chemicd nature, codling, dynamics, and ptysicd
condtions of star forming regions. The Prime Investigator for SWAS is G. Menick from the
Smithsonian Astrophysicd Observatory with Co-1's from the U.S. and Germany providing the
SWAS instrument. G. Chinisthe NASA Projed Scientist for SWAS.

FAST and SWAS are the second and third members of the original Small Explorer (SMEX) set
of misgons. Thefirst SMEX satellit e, Solar, Anomalous, and Magnetospheric Explorer
(SAMPEX) was launched by a Scout rocket on July 3, 1992 andis gill operational onan
extended missonmode. The am of the SMEX program isto provide frequent and inexpensive
accessto spacefor astrophysics and spacephysics stellit es. Both the FAST and SWAS
spacecaft were designed and constructed in-house & the Goddard SpaceFlight Center by the
Engineaing Diredorate. The FAST and SWAS satellit es have completed al of their integration
and environmental testing succesdully. FAST and SWAS are now slated to be launched in the
late Spring of 1996 pending a successul qualification flight of the Pegasus XL rocket.

VIIl . SPACE FLIGHT INSTRUMENTATION
DEVELOPMENT



Cassni Composite Infrared Spedrometer

A major current effort in the LEP is the development of the CIRS for the Cassni orbiter. V.
KundeisPl, and D. Jennings, J. Brasunas, L Herath, M. Flasar, P. Romani, are Co-I's. The CIRS
sciencetean includes Co-I's from other U.S. institutions, as well as Co-1's from England, France,
and Germany. CIRS consists of apair of Fourier transform spedrometers which cover the
101400cm* range with a spedral resolution upto 0.5cm™. The 10-600cm™ range is covered by
aPOLARIzi n? interferometer with two thermopil e detedors and a4.3 mrad field of view. The
600-1400cm ~ rangeis covered by a amnwventional Michelson interferometer with two 1x 10
HgCdTe arays, eat pixel havinga0.3mrad field of view which allows limb soundng to be
caried ou. The Engineeing Model is presently in System Integration and Test. The experiment
addresses awide variety of scientific objedives for atmospheres, satellit es, and rings, including
composition and thermal state. CIRS is versatile and sensitive, and is expeded to make many
new discoveries aswell as g/stematicdly extending knowledge of the Saturn system.

Casgni Plasma Spedrometer

The LEP is also coll aborating with the Southwest Research Institute and Los Alamos National
Laboratory in the cnstruction and testing of the plasma spedrometer Cassni Plasma
Spedrometer (CAPS experiment for the Cassni orbiter. Thisis agraded field spedrometer of
high resolution and geometric fador, which will be used to measure the composition and velocity
distribution functions of ions in the magnetosphere of Saturn. E. Sittler has been dreding the
development of several subsystemsfor CAPS They include aSpedrum Anayzer Modue
(SAM) which receves time-of-flight (TOF) datafrom the lon MassSpedrometer (IMS), bulds
TOF spedra, and processes the TOF spedrato compute ion counts for a preseleded set of ions.
In addition, the HVU-1,a ; 16 KV high vdtage power suppy provides the high vdtages needed
by the IS to operate properly. This power supdy isanovel design to provide afloating 1200 vdt
regulated suppy. Flight software for SAM and a subsystem of the DPU isalso under
development.



LE | SA Development

D. Jennings, D. Reuter, and G. McCabe ae developing an infrared spedra imager based onthe
Linea Etalon Imaging Spedral Array (LEISA) concept as one of the major scientific instruments
to beincluded in the payload of the TRW Small Satellite Techndogy Program (SSTP) satellite,
LEWIS, to be launched in the summer of 1996.This development is a wllaboration with Codes
718and 752 & the Engineaing Diredorate. LEISA represents a completely new concept in
spedrometer design made possble by large-format detedors and advances in thin-film
techndogy. Originaly developed for the Pluto Fast-Flyby Misson (PFF) under the Advanced
Tedndogy Insertion Program, LEISA uses a state-of-the at filter (alinea variable galon, LVE)
in conjunction with adetedor array to oltain spedra images. The mgor innovation d LEISA is
itsfocd plane which isformed by plaang aLVE in very close proximity to atwo-dimensional
detedor array. The LVE isawedged dieedric film etalon whase transmisson wavelength varies
along one dimension. In operation, atwo-dimensional spatial imageisformed onthe aray, with
varying spedral informationin ore of the dimensions. The image is formed by an external

opticd system. Each spatia point is sanned in wavelength acossthe aray, thereby creding a
two-dimensional spedral map. Scanning may be acomplished by a number of methods sich as
the orbital motion d the spacecaft, asin the SSTP application, by rotating the spacecaft, as was
planned for PFF, or by a steegable mirror. The adual spatial resolutionis determined by the
gpatial resolution d the imaging optic, the image scan spead, and the readou rate of the aray.
The spedrometer has no moving parts, a minimum of opticd elements and orly one
eledronicdly adivated element, the aray. Compared to conventional grating, prism, or Fourier
transform spedrometers and mechanicdly or eledricaly tunable filter systems, it represents a
gred reductionin ogicd and medanicd complexity.

For the Earth-viewing LEISA applicationthe imager will operateinthe 1to 2.5mm spedral
region with aresolving power (I/DI) of abou 250.Under day-li ght condti ons the spedral images
obtained will provide maps of spedrally dependent surface &ad atmospheric refledances and
atmospheric transmittances. These may be analyzed to yield: 1) surfaceinformationincluding
soil and vegetation types, extent of vegetation, snow and icefields, zones of fire damage and
pallution etc. and 2 atmospheric informationincluding ared cloudfradions, cloud heights,
cloud article sizes, cloud article phases, agosol properties, large fire smoke extents, valcanic
dust and agosol production, etc.



X-ray and Gamma-ray Planetary I nstrument Design and Development
Program

The X-Ray/Gamma Ray (XGRS) Tean which was establi shed as part of the Planetary Instrument
Definition and Development Program (PIDDP) has asits goal the devel opment of x-ray and
gammearray remote sensing and in-situ tedndogies for future planetary exploration missons.
Thistean isunder the diredion d J. Trombka and represents groups having adive programs
with NASA, the Department of Energy (DOE), the Department of Defense (DOD), and a number
of Universities and private companies. Studies undertaken by this groups include: x-ray and
gammea- ray detedors; cryogenic codling systems; x-ray and particle excitation sources;, misson
geochemicd reseach requirements; detedor spaceradiation damage problems; field simulation
studies; theoreticd cdculations and x-ray and niclea crosssedions requirements; and
preliminary design of flight systems. Results obtained in this program were used to develop the
designs edficaions for the x-ray/gamma-ray remote sensing systems for the NEAR misgon.
The results of the XGRS fadlit y program studies were dso made avail able to a number of
investigators to assst in their development of propaosals for the Discovery and Rosetta programs.
Studies of the radiation damage dfeds caried ou with partial fundng from the XGRS fadlity
program fundng has contributed significantly to ou understanding of the data obtained during
the auise phase of the Mars Observer misgon. These studies also contributed to our cgpability of
determining the timing protocol for anneding Ge detedors in space ad thus influenced the
design of the Mars Observer Gamma-Ray Spedrometer system. These studies have dso been
used to help in the design and development of the Mars '96 Ge Predsion Gamma-Ray
Spedrometer (PGS). Furthermore, the cdibration and test protocols have been developed for the
PGS using results obtained in the XGRS Rogram. Fadliti es being developed undcer this program
will be used to cdibrate the NEAR and Mars '96 remote sensing X-ray and Gammea-ray
Spedrometers.

Mars Observer (MO) datais also being used to correlate the degradationin resolution produced
by space osmic radiation with ground lased ~1GeV proton beam radiation damage studies of
high puity germanium detedors. These data ae essential for verifying theoreticad models used to
predict the performance and induced adivities in gammea-ray detedors flown onlong duration
planetary exploration missons. Thiswork is also very important in the design considerations of
future misgon cetedors.

Sounding Rocket Program

The pasition sensiti ve detedor for the Temperature And Wind Rocket Spedrometer (TAWRYS)
andthe IMS instrument is now operational, and cdibration d the instruments has begun. This
work suppats the loncspheric Descending Plasma Layers Rocket Experiment in coll aboration
with SAIC, Inc. Launch is sheduled for Spring 1996.A new projed has been funded for Sudden
Atom Layers gudy in coll aboration with Cornell University. Construction o a negative/positive
ion mass gedrometer pair has begun. Launch is sheduled from Puerto Rico, latein 1997to
ealy in 1998.F. Herrero of the LEP isthe projed scientist for these Rocket programs



Eledric Field I nstruments

The dedric field experimental group,led by R. Pfaff, designs and bulds eledric field doube
probes for flights on soundng rockets in the eath'sionasphere. In the past yea, these
instruments were flown on nne payloads and included eledronics to measure both the DC and
AC vedor eledric field comporents. For example, experiments launched onsoundng rockets off
the ast of Brazil | ast yea included doulbe probe instruments designed, bult, and tested at
Goddard that returned the first measurements of the DC Polarization (verticd) eledric field that
drivesthe equatoria eledrojet. On-board processng eledronics have dso been developed and
flown to compute aossspedral information red-time and onboard FFT processng was
developed that extended the measured frequency regimeto 8 MHz.

Spherics VLF Recaver Stations

VLF recavers have been designed by W. Farrell, J. Houser, and M. Desch to deted, timetag, and
return spheric emissons generated by lightning events. Timeofarrival information can then be
used to determine the sourcelocation d the lighting event, and thus identify distant weaher
feduresviatheir eledricd adivity. The recavers are austombuilt digital radios that can
incorporate timing information from the global positioning satellit e (GPS system. It is planned
that the recever system will bein formal operationin the spring of 1996.The Mars Observer
(MO) gamma-ray spedrometer data, oltained during the auise phase of the misgon, is being
analyzed for solar and galadic cosmic ray induced adivity within the germanium detedor.
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